Abstract The genus Calocedrus Kurz is characterized by flattened branches covered with decussate and dimorphic leaves. In this study, we describe fossil foliage of Calocedrus discovered in the Shangcun Formation (early Oligocene) of the Maoming Basin, South China. The fossils have wedge-shaped branchlet segments and scale-like strongly dimorphic leaves, similar to the fossil species Calocedrus lantenoisi (Laurent) Tao. There have been no detailed studies of the morphological features and cuticle structures of C. lantenoisi. Therefore, a newly emended diagnosis of the species C. lantenoisi is given based on a detailed study of leaf morphology and cuticular characters exhibited by the Maoming fossils. This is one of the earliest fossil records of Calocedrus in the world, providing additional evidence for the early biogeographic history of this genus and supporting the inference that eastern Asian Calocedrus is primitive among all the living species. The extant species of Calocedrus are mainly distributed in mountainous regions. On the basis of the "nearest living relative" analysis, we propose that the Maoming Basin was adjacent to a mountainous region during the early Oligocene.
Introduction
The genus Calocedrus Kurz, also known as incense cedar, is recognized by flattened branches bearing decussate scaleshaped leaves. This genus, which is a form of evergreen conifer tree, is now distributed in a typical East Asia and North American disjunct pattern, and comprises three living species (Boufford & Spongberg, 1983) . Calocedrus macrolepis Kurz is distributed in the montane mixed evergreen conifer-broadleaved forests from southeastern China and into the adjacent regions of northeast Myanmar, northeast Thailand, and Vietnam (Fu et al., 1999; Farjon, 2005) . In China, it occurs in Yunnan, Guizhou, Guangxi, and Hainan provinces at an elevation of 740-2000 m. Its variant, Calocedrus macrolepis var. formosana (Florin) W. C. Cheng & L. K. Fu, is restricted to the northern and central mountains of Taiwan, China at altitudes from 800 to 2000 m (Fu et al., 1999; Farjon, 2005) . Calocedrus rupestris Aver., T. H. Nguyên & P. K. Lôc, which occurs in northern Vietnam, is endemic to limestone rocky slopes or cliffs (Averyanov et al., 2005) . Calocedrus decurrens (Torr.) Florin is confined to the mixed conifer forests of western North America (Farjon, 2005) .
Fossil Calocedrus is known from many Northern Hemisphere Cenozoic deposits spanning the Oligocene to the Pliocene.
The earliest fossil records of Calocedrus are from the Oligocene, with occurrences from southern Asia (WGCPC, 1978; Shi et al., 2012) , western North America (Wolfe, 1972; Meyer & Manchester, 1997) , and central Europe (Kva cek, 1999) . Many Calocedrus remains have been described from the Miocene of Asia (Huzioka, 1972; NIGMR, 1982; Onoe et al., 1985; Guo, 2011; He et al., 2012; Zhang et al., 2015) , North America (Axelrod, 1964 (Axelrod, , 1992 Kva cek & Rember, 2007) , and Europe (Kva cek, 1999) . The latest fossil records of Calocedrus are from the Pliocene, with foliage shoots reported from Frankfurt am Main, Germany and Yunnan, China (M€ adler, 1939; WGCPC, 1978) .
In the present paper, five fossil foliage specimens of Calocedrus lantenoisi (Laurent) Tao with well-preserved cuticle were collected from the early Oligocene Shangcun Formation of the Maoming Basin, Guangdong Province, South China. There have been no detailed studies of the morphological features and cuticle structures of C. lantenoisi. Therefore, a newly emended diagnosis of C. lantenoisi with a detailed description of morphological characters and cuticular structures is given based on the Maoming fossils. This is one of the earliest Calocedrus records worldwide, providing additional evidence of the early biogeographic history of this genus.
Paleoclimatic and paleogeographic implications of this study are also discussed, based on nearest living relative analysis.
Material and Methods

Geological settings
The fossils described here were collected from the lower part of the Shangcun Formation, Maoming Basin, southwest Guangdong Province, South China (21°70 0 N, 110°89 0 E; Fig. 1 ). The Maoming Basin contains non-marine sediments ranging in age from the Upper Cretaceous, through the Paleogene to the Neogene, and has been divided (bottom to top stratigraphic order) into the Tongniuling, Youganwo, Huangniuling, Shangcun, Laohuling, and Gaopengling Formations (Nan & Zhou, 1996; Ye et al., 1997) . The Shangcun Formation, from which our fossils were collected, primarily consists of grayish brown and greenish gray compact mudstones, sandy shales, and siltstones together with oil shales and coal seams in the lower part, indicating a large lacustrine environment (Nan & Zhou, 1996; Li et al., 2006; Herman et al., 2017) . It is now clear that the Shangcun Formation is restricted to the Maoming Basin, and is distributed across Hongshan County, Gaozhou County, and nearby regions (Nan & Zhou, 1996) .
The age of the Shangcun Formation has been widely discussed. According to an early palynological study, the Shangcun Formation was considered to be Oligocene (Yu & Wu, 1983) . Wang et al. (1994) also supported the Oligocene age on the basis of a magnetostratigraphic study. However, on the basis of some later megafossil and palynological research, the Shangcun Formation was thought to be Miocene (Nan & Zhou, 1996; Li et al., 2006; Guo et al., 2009) . Herman et al. (2017) studied the palynological complexes of the Shangcun Formation and found a good correlation between the Shangcun and Oligocene palynocomplexes. The palynocomplexes of the lower Shangcun Formation are dominated by gymnosperm pollen, a phenomenon recognized in the lower Oligocene in many other regions, including the nearby South China Sea (Herman et al., 2017) . In the middle and upper Shangcun Formation, a reappearance of thermophilic angiosperm elements was found in the palynocomplexes, corresponding with a warming in the second half of the early Oligocene (Herman et al., 2017) . Hence, they considered the Shangcun Formation to be early Oligocene. According to the newest palynological evidence and the magnetostratigraphic study above, we consider the Shangcun Formation to date from the early Oligocene.
Abundant fossils were discovered in the Shangcun Formation, including gastropods, fish, plant megafossil assemblages of leaves, stems, fruits, seed cones, and fossil pollen/spores (Nan & Zhou, 1996) . At least 91 taxa of fossil plants have been found in the Shangcun Formation with detailed taxonomic analysis awaiting completion. The plant megafossils include bryophytes, ferns, gymnosperms, and many angiosperms (Nan & Zhou, 1996; Herman et al., 2017) . Angiosperms dominate the Shangcun Flora with most representing the Fagaceae and Lauraceae as well as abundant leaves of Myrica L. and woody dicotyledons of uncertain systematic affinity (Herman et al., 2017) . Gymnosperms are diverse, mainly composed of pinaceous and cupressaceous species (Herman et al., 2017) .
Specimen preparation
Five fossil leafy shoots of Calocedrus were collected from the Shangcun Formation. All the Calocedrus leafy shoots were preserved as compressions, one being ambiguously preserved, but the others revealing detailed diagnostic traits. The specimens were photographed in the laboratory on a light table using a Canon EOS 500D digital camera (Canon, Tokyo, Japan).
Detailed structures were observed using a stereoscope (S8APO; Leica, Wetzlar, Germany). In order to study the cuticle structure of the fossil specimens, we used needles and a razor blade to obtain fragments of the fossil leafy twigs. The isolated fragments were then treated with Schulze's solution (HNO 3 [68%]: KClO 3 [saturated] ¼ 3:1) for approximately 1 h. The reaction was terminated by 10% NH 4 OH (Ye, 1981) and the specimens were washed with distilled water and mounted on glass slides. Needles were used to separate the cuticles on the slide under a stereoscope. Epidermal characters were observed and photographed under a Zeiss Axio Scope A1 light microscope (Zeiss, Baden-W€ urttemberg, Germany) and a JSM-6330F scanning electron microscope (SEM) (JSM, Tokyo, Japan) in Sun Yat-Sen University (Guangzhou, China).
The plates and the line drawings were prepared with Adobe Photoshop CS6 (San Jose, CA, USA).
Extant materials for comparison
The relevant extant specimens of the Cupressaceae obtained for comparative study were all from the Museum of Biology, Sun Yat-sen University. Photographs of the specimens were taken using a Canon EOS 500D digital camera. The cuticle of the modern species was prepared by treating the specimens with a solution of HNO 3 (68%): H 2 O 2 (saturated) ¼ 1:1 in an 85°C environment for 2 h. Needles were used to separate the cuticles. The cuticles were dyed by 1% safranin and observed under a microscope and a JSM-6330F SEM.
Terminology
The genus Calocedrus is recognized by flattened branches bearing scale-shaped leaves, with a surface exposed to the Early Oligocene Calocedrus from Maoming Basinsunlight and another surface shaded. The term adaxial applies to the surface of the leaf facing the stem, abaxial applies to the other side ( Fig. 2A) . Lateral leaves of Calocedrus are folded into a falcate shape. One side of the lateral leaf was folded into the external side with adaxial and abaxial surfaces, another side of the lateral leaf was folded into the internal side also with adaxial and abaxial surfaces (Fig. 2B ). For the facial leaves, there are also external and internal surfaces (Fig. 2B) Repository The Museum of Biology of Sun Yat-sen University, Guangzhou, China.
Emended diagnosis Foliage shoot flattened. Leaves scalelike, dimorphic, decussate, arranged in whorls of four, forming cladode-like segments. Facial leaves obtriangular to elongate rhomboid in outline; apex acute to acuminate. Lateral leaves falcate, apex acute. The facial leaves always ascending slightly higher than the lateral leaves in the same branchlet segment. Stomatal complexes loosely spaced, monocyclic; subsidiary cells 4-6, sometimes the subsidiary cells can be shared; each stomatal pit is surrounded by a distinct Florin ring on the external surface. Epidermal cells in the stomatal zones are strongly papillate.
Description Foliage shoots spread in a flattened spray, mostly arranged in an alternate manner (Figs. 3A, 3C, 3E), although opposite branches can be seen (Fig. 3B ). Penultimate shoots are less flattened and narrow. They are longer and thicker than the ultimate shoots, with leaves strongly cutinized (Fig. 3C ). The ultimate leafy shoots are convex on the upper side and concave on the lower side, and arise from the facial leaves of the penultimate shoots.
Leaves are scale-like, decussate and imbricated in whorls of 4. The scale leaves are strongly dimorphic, differentiated into facial and lateral leaves in a whorl. Two facial leaves and two lateral leaves together constitute a wedge-shaped, cladodelike branchlet segment (Figs. 3F, 3G). Branchlet segments 2.4 AE 0.6 mm long, 1.9 AE 0.4 mm wide, with a length: width ratio of approximately 1.3. They usually become gradually smaller toward the distal end (Figs. 3A, 3D, 3E), although there are some exceptions (Fig. 3B ).
Lateral leaves are conduplicate, forming a bilaterally flattened falcate surface view. The apex of the lateral leaves is acute to acuminate, slightly incurved. The margin of the lateral leaves slightly overlaps those of the facial leaves (Figs. 3F, 3G). The bases of two lateral leaves in the immature segments are usually in contact (Fig. 3F) , whereas in the mature branchlet segments, they are more likely separated (Figs. 3D, 3G).
Facial leaves are dorsiventrally flattened, obtriangular to elongate rhomboid in outline. Most of the immature facial leaves have an elongate rhombus shape with an acute apex, whereas the mature ones are invariably triangular with a top edge appearing acuminate (Fig. 3A) . The mid rib of the facial leaves is distinct, extending from the apex to the base (Figs. 3A-3D). The facial leaves always ascend a little higher than the lateral leaves in the same branchlet segment (Fig. 3G) . Line drawings of the fossils are presented in Fig. 4 .
Epidermal structures
The epidermal structures of Calocedrus leaves are presented in Fig. 5 . Lateral leaves are amphistomatic. The external adaxial surface bears few stomata (Fig. 5A) . The ordinary epidermal cells are rectangular, elongate along the axis of the leaves, and arranged in longitudinal files, 60 AE 20 mm long and 15 AE 5 mm wide (Fig. 5B) . The anticlinal cell walls are pitted (Fig. 5G) . Some stomata were observed on the external abaxial surface. The non-stomatal zone is composed of ordinary epidermal cells generally similar to those on the adaxial surfaces of cuticles. In the stomatal zones, the cells become irregularly shaped, sometimes being squared, and strongly papillate. Both the adaxial and abaxial surfaces of the internal sides of lateral leaves have densely packed stomata (Fig. 5C) .
The external sides of the facial leaves consist of a broad non-stomatal zone and two narrow stomata zones, but bear no stomata in the apical region (Fig. 5D) . The ordinary epidermal cells in the non-stomatal zones are similar to those in the lateral leaves, whereas in the stomata zones, the ordinary epidermal cells are irregularly shaped and strongly papillate (Figs. 5D, 5E ). The stomata zones are narrow, running along the sutures with the adjacent lateral leaves and partly overlapped by them. The stomata are structurally similar to those in the lateral leaves, but the situation in which stomata share subsidiary cells seems to be less common. The internal side of the cuticle in facial leaves lacks stomata and consists of irregularly shaped cells (Fig. 5F ).
Stomatal complexes are 95 AE 15 mm long, 65 AE 15 mm wide, and monocyclic. Stoma pits are shallow and elliptical in outline. Stomatal size including Florin rings is 25 AE 10 mm long and 20 AE 10 mm wide. Subsidiary cells are 4-6, irregular, elongate or polygonal in shape, in most cases 2 being polar. They are strongly papilliate, each subsidiary cell bears a round-oblong papilla, forming a distinct elliptical Florin ring around the stomatal pit with other subsidiary cells of the same stomatal complex (Figs. 5H, 5I ). The stomata are loosely spaced, sometimes the subsidiary cells can be shared.
Discussion
4.1 Comparison 4.1.1 Generic assignment The fossil leaves, which have the gross morphological features of strong dimorphic scale-like leaves in whorls of 4, can be undoubtedly assigned to the family Cupressaceae (Watson & Eckenwalder, 1993; Fu et al., 1999) . The family Cupressaceae consists of seven subfamilies. Some detailed features of the fossil leaves, such as adult phyllotaxis opposite or whorled, and scale-like mature leaves, occurs in the subfamilies Callitroideae and Cupressoideae (Gadek et al., 2000) . All the species of the subfamily Callitroideae are today restricted to the Southern Hemisphere. The present fossils showed strong morphological differences to this subfamily. Many of the genera in Callitroideae have leaves arranged in whorls of 3, such as Diselma Hook. f., Fitzroya Hook. f., Actinostrobus Miq., and Callitris Vent. (Farjon, 2005 (Farjon, 2005) . The leaves of Libocedrus Endl. are divergent (Farjon, 2005) . As for Widdringtonia Endl., the leaves in the ultimate branches are appressed, while they become more or less spirally arranged on leading branchlets (Farjon, 2005) . Thus, the present fossils cannot be assigned to any genus of Callitroideae.
The subfamily Cupressoideae includes 10 genera; most of them can be easily distinguished from the present fossil foliage. The scale-leaves of the present fossils are larger than those of Chamaecyparis Spach, Cupressus L., Tetraclinis Mast., Juniperus L., Platycladus Spach, and Microbiota Komarov. The length of the scale leaves of these genera ranges from 1 to 2.5 mm (Farjon, 2005) . The shape of the facial leaves is also a significant feature for distinguishing species. The facial leaves of the fossils are obtriangular to rhomboidal, whereas the facial leaves of Tetraclinis are linear (Farjon, 2005) . Cupressus is different from the present fossils in their monomorphic or weakly dimorphic leaves, which are triangular to rhombic in shape (Farjon, 2005; Shi et al., 2011) . The leaves of our fossil specimens are obviously different from Juniperus, for the adult leaves of our fossils are arranged in whorls of 4, whereas the adult leaves of Juniperus are opposite in 4 ranks or in whorls of 3 (Watson & Eckenwalder, 1993) . Unlike those in the present fossils, the leaves of Platycladus are elongate decurrent (Farjon, 2005) . It is evident that our fossils are different from Microbiota, for the leaves of Microbiota grow more appressed than we see in the fossil samples (Farjon, 2005) . Compared to our fossils, Thujopsis has larger leaves, sometimes 4-7 mm long. In addition, the facial leaves of Thujopsis are blunt and the lateral leaves spread out below the apex of the facial leaves (Fu et al., 1999; Farjon, 2005) .
The other three genera, Thuja L., Fokienia A. Henry & H. H. Thomas, and Calocedrus Kurz, show more morphological features similar to the fossil leaves (Fig. 6) . They all have alternatively branching patterns, strongly flattened branchlets, and imbricate, decurrent scale-like leaves that are similar to our fossils in size (Farjon, 2005) . However, there are still some differences between these genera. The scale leaves of our fossils are more divergent, whereas they are appressed and arranged in four ranks in Thuja (Watson & Eckenwalder, 1993 , Fu et al., 1999 . The epidermal structures vary greatly between the leaves of our fossil specimens, Thuja, and Fokienia. Stomata are smaller and more loosely arranged in Thuja than in our fossils (Figs. 6F, 6G ). In Fokienia, the stomata are more densely distributed, usually sharing subsidiary cells (Figs. 6F, 6H) (Florin, 1931; Florin & Boutelje, 1954) . There are dense papillae projecting around the stomata in our fossils; in Fokienia, the papillae are smaller and arranged more loosely (Fig. 6H) . The morphological and epidermal features of the Shangcun fossil leaves show most resemblance to those of the extant genus Calocedrus.
Kva cek (1999) proposed that, unless documented by ovulate cones, fossil Cupressaceae are rarely determinable to a natural genus. However, despite lacking seed-cone evidence, the morphological and epidermal features of the fossil leaves reported here can still be used as strong evidence for assigning our material to Calocedrus.
Comparisons with extant species of Calocedrus
Three extant species of Calocedrus exist in the circum-Pacific area. The fossil leaves differ from C. decurrens, which nowadays exists in the mixed conifer forests in California, Nevada, and Oregon, USA and Baja California, Mexico (Farjon, 2005) . The fossil leafy shoots are strongly flattened with wedge-shaped branchlet segments. The scale-like leaves are strongly dimorphic and differentiated into facial and lateral leaves, the adjacent bases of the lateral leaves are usually in contact with each other. However, the leafy shoots of C. decurrens were less flattened and bear less weakly dimorphic leaves. The branchlet segments of C. decurrens are long and slim, forming an oblong shape in outline. Moreover, the adjacent base of the lateral leaves is parallel in C. decurrens, and usually not in mutual contact (Table 1) . Our fossils also differ from C. rupestris, a species distributed in the montane limestone area in Vietnam (Averyanov et al., 2005) . The lateral leaves of the fossils are falcate with an incurved acute apex, while in C. rupestris, the lateral leaves are oblong with an obtuse apex ( Table 1) .
The extant species C. macrolepis, including two varieties, is distributed in eastern Asia. These two varieties, C. macrolepis var. macrolepis and C. macrolepis var. formosana, are distinguished by their seed cone-bearing branchlets. The seed cone-bearing branchlets of C. macrolepis var. macrolepis are terete or 4-angled, whereas in C. macrolepis var. formosana, the branchlets are flattened (Fu et al., 1999) . The fossil leaves are most similar to C. macrolepis and resemble C. macrolepis in having flattened foliage shoots, wedge-shaped branchlet segments, strongly dimorphic leaf formation, and clear middle ridges running from the top to the bottom of the facial leaves (Fu et al., 1999; Farjon, 2005) . However, there are still differences between C. macrolepis and the present fossils. The main difference in these two species is in the apex of the lateral leaves. The lateral leaves of the fossils adhere to the facial leaves, being only slightly free on the apex, and show as small tips on both sides of the facial leaves. The facial leaves project beyond the lateral leaves in the same branchlet segment. Nevertheless, in C. macrolepis, the apex of the facial leaves is free, sometimes extended to the same length as the facial leaves (Table 1) .
Comparisons with fossil species of Calocedrus
The fossil leafy twigs, cones, and seeds of Calocedrus were widely recorded in the Northern Hemisphere, spreading among North America, Europe, and Asia. The leafy part of the fossils are all characterized by flattened foliage shoots and the dimorphic, imbricate decussate leaves in whorls of 4, that exhibit similar morphological features to the present Calocedrus.
The fossil species Calocedrus robustior Kva cek & Rember from the middle Miocene of the Clarkia area of northern Idaho, USA, was represented by seed cones and coneattached scale leaves. The Shangcun fossils are different from C. robustior in leaf apex. The leaf apex of our fossils is acute, whereas C. robustior only appears to have blunt leaf apex ( Kva cek & Rember, 2007) (Table 2) . Calocedrus schornii Meyer & Manchester from Oregon, USA, are based on some foliage shoots and an ovulate cone (Meyer & Manchester, 1997) . The adjacent mature lateral leaves of our fossils are in contact, whereas the adjacent lateral leaves of C. schornii are not touching each other (Table 2) .
Calocedrus suleticensis (Brabenec) Kva cek, a European fossil species collected from Hungary and the Czech Republic with an age spanning from the early Eocene to Oligocene, was established based on a number of leafy branches and seed cones. The present fossils differ from C. suleticensis in their branching patterns and their leaf shapes (Kva cek, 1999) . The middle twigs of this European Calocedrus produces oppositely arranged lateral branchlets. The lateral branchlets, however, sometimes morph into an alternatively branched form (Kva cek, 1999) . In the present fossils, although one branchlet segment appears to divide into three, other branchlets are still arranged unilaterally. Moreover, the lateral leaves of our fossils are falcate and the leaf tips are always acute, whereas in C. suleticensis, the lateral leaves are boat-like, and some of the leaf tips are blunt (Table 2 ).
An Asian Calocedrus, Calocedrus notoensis (Matsuo) Huzioka, represented by fossil foliage branches, was reported from the Miocene of Japan and Korea (Huzioka, 1972; Onoe et al., 1985) . The present fossils are different from C. notoensis in the shape and apex of the lateral leaves (Table 2) .
Three fossil species of Calocedrus were described recently in China with epidermal topography preserved. Calocedrus shengxianensis (He, Sun & Liu) Zhang & Zhou is represented by some leafy shoots and four ovulate cones from the Miocene of Yunnan Province and Zhejiang Province. The apex of the lateral leaves in the present fossils is acute with the apex part free from the facial leaves, whereas in C. shengxianensis, the apex of the lateral leaves are blunt and incurved, all of them entirely adhering to the facial leaves (Zhang et al., 2015) (Table 2) . Another fossil species, Calocedrus huashanensis Shi, Zhou & Xie, was reported from the Oligocene of Guangxi Province (Shi et al., 2012) . It is represented by foliage shoots bearing scale-like leaves, and thus is similar to our fossils. However, the present fossils differ from C. huashanensis mainly in the outline of branchlet segments. The branchlet segments of the Maoming Calocedrus form a wedge-shaped outline, whereas those of C. huashanensis are oblong in outline. Moreover, the lateral leaves of C. huashanensis are not in contact with one another, whereas in our fossils, the bases of the lateral leaves along the same branchlet segment touch one another (Table 2 ). Calocedrus lantenoisi was described based on foliage shoots excavated from Oligocene to Pliocene strata at several different places in Yunnan Province, China (WGCPC, 1978; Guo, 2011) . Calocedrus lantenoisi was recognized by having wedgeshaped branchlet segments, rhomboidal facial leaves, and falcate lateral leaves. Our fossil resembles C. lantenoisi in the branching patterns, branchlet shape, and leaf shapes. In consideration of these similar morphological features, the Maoming fossils are recognized as Calocedrus lantenoisi (Laurent) Tao. However, there is no detailed morphological information available for leaf structure and cuticle in C. lantenoisi. Here we make an emendation for this species by supplying these characteristics. (Shi et al., 2012) . A number of fossil foliage and seed cones have been found from the Oligocene of southern Asia, western North America, and middle Europe, together representing the earliest fossil record of this genus discovered so far (Wolfe, 1972; WGCPC, 1978; Meyer & Manchester, 1997; Kva cek, 1999; Shi et al., 2012) . In the Miocene, the morphological diversity of Calocedrus increased, spreading through eastern Asia, North America, and Europe (Axelrod, 1964 (Axelrod, , 1992 Huzioka, 1972; NIGMR, 1982; Onoe et al., 1985; Kva cek, 1999; Kva cek & Rember, 2007; Guo, 2011; He et al., 2012; Zhang et al., 2015) . The most recent records are from the Pliocene of Frankfurt am Main, Germany and Duotang, Yunnan, China (M€ adler, 1939; WGCPC, 1978) (Fig. 7) . The European Calocedrus probably experienced harsh climate changes and unfortunately did not manage to survive through the onset of Pleistocene glaciation, whereas the North American and Asian Calocedrus have survived (Farjon, 2005) . However, modern Calocedrus species are not as abundant as they were and are restricted to only a few mountainous areas. The fossil species, C. lantenoisi, was reported from the Oligocene of Jinggu, Yunnan, the Miocene of Lincang, Yunnan, and the Miocene to the Pliocene of Duotang, Yunnan (WGCPC, 1978; Guo, 2011) . Calocedrus lantenoisi described here is one of the earliest fossils of Calocedrus reported worldwide, providing additional evidence of the early biogeographic history of this genus. Chen et al. (2009) suggested that the Asian Calocedrus species diverged earlier than the American Calocedrus based on molecular research. The diversification of Asian Calocedrus was estimated to have been during the Miocene, whereas the American Calocedrus species diverged in the Pliocene. Shi et al. (2012) then adjusted the divergence time back to the Oligocene because of the Oligocene fossil evidence. Together with molecular studies and other early fossil evidence in southeast China, the discovery of C. lantenoisi supports the inference that the eastern Asian members of Calocedrus are the most primitive among all the living species.
The nearest living relative analysis is a widely used technique in paleoclimate reconstruction. It presupposes that the plants represented by their fossils share similar requirements for climate with their modern relatives (Mosbrugger, 1999) . Based on the comparison above, the species C. lantenoisi is most similar to the extant species C. macrolepis, so it is assumed these two species may thrive in similar environments. Today the genus Calocedrus mainly inhabits humid tropical and subtropical montane areas. In the Chinese mainland, C. macrolepis is now distributed in Yunnan, Guizhou, Guangxi, and Hainan provinces at a growing altitude of ca. 740-2000 m and a mean annual temperature of approximately 17.9°C (14.3°C-24.3°C) (Chen et al., 2001; Farjon, 2005; Fang et al., 2011) . The CLAMPbased paleoclimate reconstructions from the Shangcun Formation suggest that in the early Oligocene, the Maoming Basin was in a typical monsoon condition with an estimated mean annual temperature of approximately 23.1°C. In addition, the most probable elevations of the Shangcun flora habitats estimated using the CLAMP technique was $1000 m, close to the lowest altitude on which the Calocedrus exists nowadays (Herman et al., 2017) . Xu et al. (2015) studied a series of fossil needles, seed cones, and an ovuliferous scale from Huangniuling Formation of the Maoming Basin, and proposed the Maoming Basin was adjacent to a mountainous region during the late Eocene. Because the mean annual temperature that extant C. macrolepis exists in is much lower than the estimated temperature in the Shangcun Formation, we have reasons to believe that the mountainous region near Maoming Basin existed at least from the late Eocene to the early Oligocene.
